A previous paper sstimmcing -.nd describing Soviet cbsbs.utlu
in geudssy, gravimetry, and cartogrephy has been dimm to

you, and & brief discussion of it'will follow my crml
thin afternoon. In ordsr to facilitate s discussion ot‘:f

nov in your possession, 1t has been suggested that my rwl.l‘-‘,lt ‘
this time be devoted to additionsl background aspects mg illustraticas
rm*emhaar the nature of the geodstic problem -- posluoul and g *‘ -

dynamis. In discuseing these aspects, I should like t.o‘-pmm

at the aut.ut that, at the current state of missile toemlon',

&

it is recognived that the operstional error in missile yértm.

subgtantislly exceeds -~ possibly by a factor of 10 --
in determining the geodetic positicas of launch polats
Vith the likelihood of comtinued technological sdve
nissile design and operations, however, it can be

the geodetic problem will become increasingly mporuntif Moreover,

there ave likely to be myam systems for which the utuost in
ieolelic accuracy wouid be desireble. While it may sppeu' premature
Lo cansller the geodetic aspect at this relatively url,y stage of
wisstle duvelopuent, the canplex and time-cousuming nntm of

revdet{c-survey operstious vill require progreams -- both U.8. and

3oviet -- for years to cume. Hence it 1s hoped that w‘i'_lummnxpn,
wogether with the psper in your possession, will serve ?,‘:o p\ﬁ; some
of these operations in their proper perspective vxthm:p.etm the
risails problam. % oo

1f this thrusting of the geodetic problem -- and ricnuten

problem, at that -- into & mev fleld. of technology a beset
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wwmtumudww_wmtmimr&,it
s mderstaniable. Arumuum&mm-ypmg,@
Mticudhh‘huktothnrhhintwot-nkind,ul@ﬁ;bo
mmmsumumoumwmwwm
resdy 0 serve this Bewest of ma's requiressmts. Because
u-mthm,t.btnnmmmwum;-;”
eranted. m«mnmmmwum.ﬁu
Bﬁl&mltﬂnmhlwtmhdmupiﬁmtwoblqnlfor
gssurations . ummmmpmmm

utlmlmmuq-t—mlvd, these, t.oo,eu-tobouun

for whd l'u wvithin the Unitad States, largs-scale -ppi.ng

of the country is far from complete. Intmucnllsuruyingm
mapping problems introduced their complicatioms. It tookﬂw
mwwwmwamumuwmmumwm
into focus olsarly the Lmdequacies uimmwugwm
ultm of different national peodetic systems, each \dﬂ% ita owm
related topogrephic map coverage. Map sheets otcontmmd eountri.os‘
showed displacements in the location of amsmon poimts ntm:‘rontm.,
umummmmmmemgmamﬂt
types of sysbolisstion, differing military grid systems, amd, of
course, differemces in sheet lines. Some of the displacemente in
positions of common geodstic poimts, evem in Europe, mnw to
seversl humired feet. (h.ofm-.wrdhmcmww
mmmmmmmmwrmq-m
this 1s nov being resolved in the Eurcpesa Setellites under Soviet
sponscawrshiy. R“Wm%bhum”m,
umuhwuyumm:&tmuwmm
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“be chearved aad oorwected for greater effectivencss. But the limitations

amum«wmmnmvofmmuﬁmm

problems are emphasised by missile positioning, which mvolm dfstances

mm-mmmwmumm-unmt

satisfactorily related. mr«mmawwu

MMMMMWMWM%ﬁMnm

£1140% onnsed by serolyssalc and mschenical factors, mémuou

arises as to the relative mmmitwuucmml

hmnm«c-ommmmwmmmw.

This question is now discussed only in terms of Sovist capabilities

and the currestly iniicated Soviet trend amd progress in achieving

» world geodetic system.
mwu,u.muwtmmdmu&mwm

mmmotmhehuumamuwnwtmww

: mwsmmwmmcmeuuwg&mu

mmmmmm.

i
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If ws are to survey & mmll area, Mntphm-#m,

wmmmwwuum,mmcwuhfofm

Earth’s ""i““ b.mumo!‘"oimhmhtu;tom
mu.m,.-mwumm”wmwm.

For largar aveas, however, the curvature of the Barth mist be taken
Mwm,dum'mmummiulmMuM.

‘:ubhrum.“,mmmumumu@unu
ainpls sinoe vy would meed but & singls paramster, 'r',_;hxtdiw
of the epivre. n-m«t-.mmuww
latitaie ond longitude, :a.u&-m&m@m-

mmmuw-mnuwmmmu
&
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quéstion. The Karth, however, i{s not a sphere but an i}mgumr
figure not umlike a 8lightly squashed orange -- fhtta;ied at the
Poles, with compensatory (but not entirely regular) MEW at
the Bquator. Thus our probles becomes e ccmpllcnud by the
luhcututlm for "r" of two other parameters: "a"
Equatortal redivs (or semimsjor axis) aad "a” (a1pta) for the
mtm!.u. Now we have two of ‘the five parameters
to establish a geodetic metwork of reference points, to vhich
suyplemmtary and lower order control can be related. !iua dense
netvork (together with a leveling not that provides elmtionn of
all points) serves as & skeleton around which a topombic survey
references physical and cultural features that find thqir final
axpression om topographic maps. A besic or rimhmdew geodetic
m W &t an initial point, for wvhich ths gnod.qtlc l&tibude
and lmaitude sre precisely determined. This gives a é:ﬂut of
origin from viieh to expand our geodetic ayvtan. We a ':vf_;
an azimuth (capital "A") 10 some selacted point for w orientation
of our qutu lely, an ellipsoid of reference vlt.h I.jgreedwumnn
values for the Equtorial mjor seniaxis ani rlatt.enlag provides
mumr lurnoo aloug vhich tha computations for the suh«aq_umnt

points of the utw:rk are sade. Thus, these five qunnutiau -
latitode, longitude, azisutu, Bquatorial redfus , and tla.tt.oning -
daterming the distinctive characteristics of a geodatm datmn or
cystem. AWhmmdqu&utus ahnnmthcdntm.
Ie ﬁm e but & single initial point and if the same Ellipsoid
drﬂmmmmwnl countries, the computed coordinates

ormmopom-muhmhuwnmcttowmm
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and we would, in effect, have & world datum. Such, hmwm, is not

the case. lany 4ifferent geodetic systess have evolved u national
‘systams, using different ellipsoids af reference, diftemt initial
pw.-, and distinctive orientations of the elliposid to m geodd.

te
unuult,unudmt qmmumrmw%@mm

memmmmdwciamm to

6."% 'tn lntitude (or 640 feet) and 8.79 in lomgitude (or 00 feet);
betvees the Daatsh and Huedish systems, ".° in htttxﬂnfaw 5."%
mwum;mwmmwwmmu %."% 1
latitude and 4.70 in longitude. To resolve these urremces is
ot easy, particularly over longer distances and across’ aarae ocean
.\mun zoupnmm-nn-m, 1thnnceu.n.rytor-ﬁrtost1n

aucrxhcd

m cw. the gaoid. Esrlier, five qmbi.tm .
noqﬂnm-pod-ucmm It 1s necEssary nov’
Mmmlcmummmmmm'-
vith all its irregularitiss, walleys, and mountains - Qunuthe
mtimemmeuicumotm
ellipsoid of refsrence. m,umtim—demw
Esrth's surface is made by an instrument Mchupcrpudicum
wmt(.munmw.plmbobmmu)wmamm
at the point of observation. mw,mwm-mt
umﬂmmumeotupou.miauwm"u
mnmm«-a--—aunx. ml.-uww
mlxmpuwrmummuwmrmm

s

the force of gravity is evernviere perpendicular to it.: The geoid
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daviates from & mathemmtical surfucd and reflacts the heterogeneous

v

dtstridution of visible and iuvilihl; » asses in the Barth’s crust.
The warpings or usdulstions of thc gsoid can be onlnmhtod for
» particular ellipscid, provided gravity data covertng the ‘Barth
are at haml. Chasging the sllipecid vill also change the Fepresemtation
of the geoldal undulations. The task of the geodisist ufm‘urod '
Mmrwumr-uummmm mrﬁlm:
the Barth, the geoid, and the selected ellipsoid of reference.
Phe undulations of the geold further mean that st any point
on the Barth's surface the directiom of the force of mvity and
the normal to the ellipsoid vill vary by a very small anglo called
the station error or deflection of the vertical. Thls 11y
1s only » fav seconds of arc, but in mountsinous regions L’s may
sttain & valus over 1-1/% minutes of arc, causlng a borizmtn*

displacement of position up to 7,500 feet. ’%

the geodesist further distingiishes betveen relative aud aho
deflections of the vertical. Relative deflectious are obmmd by
reducing to & winumm, using the least-square method, the smnll
differences batwesn astro-coardinates and the calculated coordinates

of & eontyral poim'- in the horizontal net of & geodetic system. Abgolute
deflections, on the other hand, are cbtainable only from & systematic
gravity survey of the whols Earth and the applicaticn of the Btokes

and Vening-Meiness formilas. Such & survey, incidentally, is still

fur from oosplate. The gravity daflectioss are considered es sbsolute
asaas tat calculatioas are bassd ca the aswmptica that the ceater

@Wﬂmﬂmwnﬁmnmmotmnofﬁnim
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that {s, the allipsoid f» tdemlly placed with respect to the Earth's

axis and cswter of mss. Assuming that geoidal undulations have been
determingd, it is possible to calculate the tilt betwoem the geoid

and the allipeoid of reference and thus obtain sbsolute walues of

the deflaction of the vertiosl. w.uthu,mmnmmot ,
mummmhmm,muuamwuum N |
pointe converted to & comsom waluw, h&hwunnngn%podeuu
ummmnwwenp-mnmurm nystesn.
Sinilarly, for avess devoid of trisngulation, mstronomic positionn

aan be corrected for deflections of the vertical, thus comverting

them to geodetic positions on & common vorld system. To & unique

degree, the Sovists have stressed the gravimetric n-pprc‘ch;:‘to geodetic
problems. They have grevimetrically determined, with grest sccurscy,

the components of the deflector mngle at thelr initinl polét, toe

Pulkovo Observatory, and then projected their coutrol net | the
Krasovskiy ellipsoid, which 1 separated hy caly & few n@jﬂ from

the geotd st Pulkovo. This is known as the “Pulkovo l&ﬁ&:&“?ﬁntu-,

end das replaoed "Pulkovo 1932" based on the Besnel ellipuaid. The
Soviets had hitter experiences as & result of the inadoquacy of thelr
geodetic datums and trimngulation, which were based on a p;jarly

fitting and improperly oriemted ellipsoid. In 1935 the 80;1ata

discovered a discrepancy between their two major datums amounting
muqmagoo-mut»mpomummm By
carefully working up the application of scoe of the mxc mvit.y

work developed by Stokes and Vening-Neiness, the aoviqts lwn

sucdieded (n ndiing rigor to their geodstic dm-m&pm
use 6 gravity date, Viich have at the sams time been of gre

-7-
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valus to btasic geophysical studies and mineral prospacupg. Quite

tl . T

umdaystendable, therefore, s the nsatisble Soviet quest for more

of the Marth's gravity dats.
‘ohe foviet drive for gravimetric dsta begen in 1932;' vith a
mewum-mmulobmtwwmz
por 1,000 sguare kilowsters of ares, including mﬂ.t:r-m
Mmﬁ 1x the Arctic Basin. SBimultansously, the Baﬂ.c‘bs
bave been oauoctm fareign gravimetric data, vhich by 1951 totaled
23,000 Mmtuu To step up its collection of tong;n gravity
data the UBSR initiated suggestions for en expansion of gmvn.y '
chaerweticus ia the program of the Internaticual Geophysical Year,
even though such cbservetions are not strictly vithin the synoptic
concept of the TOY. It is significant to note in this commectica
mttbi“Mmszmuwmrkllto hmlytoarm
outaide the UBZR -- firet, in Anterctica, for vhich mv%h datx
are largely lacking, and second, in a loop connectmgthilw
Fols, through Cantinental m, with India, Southeast .u::-, China,
and Tiksi. The resulting data will represent an Wm-uut addition
%0 the Sovist foreign grevity collection and becomes eapocs,u,l,v
sigaificant strategically YWy virtue of the Soviet denisl of its
own vast gmomt of grevity data to tha Free World -- miuding
India. With such an expansion of the basic Sovict grevity netvork,
the Subcontinent of India, and the remminder of Bout.m.t Asis
becomes tied grevimetrioally to the Soviet Union. In eanuut
mmmumﬁammmdsu, lMihchiats
ﬂMWMMmeﬂty utnrntimthat dose
t‘h M of the werld combined.
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Sisltanscusly with the gains 80 geodetic positioning, the
m&—uwmmrw.;wm geodatic system will
“also be of valus to the dymamic geodetic probles. uit.hm
mum. the diagran 1llustretes the curremtly octhnted
mmomndthmwmumwwmwxc
path of & nisaile in free flight. Mmh,itmmtm
Sorviet gain from its agmressing gravity activities my hg oawpmmd.od
with the passage of time. Ltmtm-,jordawtotha
WMaccumwxeuyuwmwmmmmu
the imadaguate gravity coverags over the vast oceanic u'qa, vhich
can be obtaimed omly by time-comsuming observations in submarines.
lm,!umtouymmm.mxmdummmaori
WMWWMMtotmmmmwmdw
observatiamal time from about b hours per value to nhout;)ninutea

Mb‘;w!mmwmmuaath
positioning capabilitiss, vhich are trested in somewhat g;m
dotall ca mges 12-17 of the report now in yowr poanesni.on

The sstimstes are given for three different cases. -
(1) hh-m“,ummtmmuum\:&eg
commbction across the Bering Strait. With this comnection the
Sovists, daving the btasic UB data, could establish a hmmg
site within the UHER an the North American Dstun. thdcr;uch
canlitions the Boviets, vith their cepability for udu.cv!.ngln
mwu’m.ooo for long arce {n their triangulation, could
hmsuwawmmsmmmmm
(K) umlm“,nmmtmumcm
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JAifferences 1a paramsters of ellipsoids and their ortmuon,
Mummwdmmumuum
awa:wmm1,oooMmhemm
m,tfthmmdmlopiunsommmmmw
mmmmmm,mmmwwu
mumm regaxilsss of a connection. '
(3)mumuunuu-m xtummmmém
mwawuwmotowom aneqpubmtyummg
mﬂh!mwlvthoMOntheWn
Bahmtutoemmthirhtrum—pstotbesomtdatm
aod mapping system. The estimated date for caeplnticmofthnwdor
1o} vork and mathemstical readjustment is 1957.
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